In this paper, geosynthetic reinforced granular fill-soft soil system subjected to a moving load with constant velocity over an infinitely long beam is analyzed. The foundation is assumed as tensionless foundation (to react only in compression). The upper reinforced granular bed is modeled by a rough elastic membrane embedded in Pasternak shear layer overlying a series of compressible Winkler springs representing the underlying soft soil. The parametric studies reveal that the flexural response of the infinite beam as well as of the reinforcement, are greatly affected by the velocity, intensity of load and compressibility of granular fill. The interfacial frictional coefficients, shear modulus of granular layers and coefficient of lateral earth pressure do not significantly affect the response of the beam and the reinforcement for the range of parameters studied.
INTRODUCTION
Applications of geosynthetics represent a rapidly growing field of geotechnical engineering. Geosynthetics are products manufactured from plastics, which are used in conjunction with soils and aggregates in various civil engineering related projects for purposes such as earth retention, drainage and seepage control. The analysis of reinforced soil behaviour is much more complex and there are a few models to deal with such system but generally all available models deal with static loading conditions. Some of these are due to Poorooshasb (1988, 1989) , Ghosh (1991) , Shukla and Chandra (1994a , 1994b , 1994c , Yin (1997a Yin ( , 1997b Yin ( , 2000 and Zhan and Yin (2001) . Although there are many models available for the analysis of beams on elastic foundation subjected to moving loads (Kenney, 1954; Rao et al., 1971; Rao, 1974; Torby, 1975; Saito and Teresawa, 1980; Clastornik et al., 1986; Lin and Adams, 1987; Basu, 2001; Singh, 2002) but in all these models, the soil is not being reinforced by geosynthetics. So there is a need for a model which deals with the geosynthetic reinforced granular fill-soft soil system subjected to a moving load.
In this paper, an effort is made to analyze the behavior of a railroad track represented by an infinitely long beam resting on the geosynthetic reinforced granular fill-soft soil system subjected to a moving load with constant velocity. The present analysis is applicable to railway tracks, which are laid on poor soil conditions. The use of geosynthetic layer enhances the load carrying capacity of railway tracks and allows the trains to move at higher speeds with less stress transferred to the ground. The foundation is assumed to react only in compression. The parametric studies have been carried out to observe the overall behaviour of the geosynthetic reinforced granular fill-soft soil system. The numerical solution has been obtained by an iterative finite difference scheme and all the results have been presented in non-dimensional form.
STATEMENT OF THE PROBLEM Figure 1 (a) shows a railway track, resting on a compacted sand bed reinforced with a geotextile layer, overlying a natural loose soil deposit, subjected to a concentrated load (P) moving with constant velocity (v). The thickness of the upper layer of the granular fill is Ht and that of lower layer is Hb . The railway track is idealized as an infinite beam. The top dense granular layer and the underlying loose deposit are idealized as Pasternak shear layer and Winkler springs respectively. It is assumed that the foundation cannot take any tension. Gt and Gb are the shear moduli while ,ut and ,ub are the interfacial friction coefficient of the upper and lower portion of the dense granular fill, respectively.
The values of parameters used in the model may be determined by various tests. Stiffness of the soil, k, can be determined by conducting plate load test and applying corrections suggested by many researchers (Selvadurai, 1979) . From triaxial test, the elastic constants can be determined which are related to the shear modulus (Gt and Gb). Pt and kib for actual geosynthetic material can be determined by standard pull out test. The objective of this study is to model the foundationreinforced bed-soft soil interaction and predict the response of the system under moving loads.
ANALYSIS
To analyze the behavior of such a system, the foundation model, as shown in Fig. 1(b) , idealizes the system. In the proposed model the soft soil is represented by Winkler springs of compressibility ke, which is the equivalent compressibility of soft soil and granular fill. The granular fill layer and geosynthetic layer are represented by Pasternak shear layer and rough elastic membrane respectively. The analysis is based on working stress conditions. Figure 2 shows the free body diagram of upper shear layer, membrane and lower shear layer elements.
The vertical force equilibrium equation of the upper shear laver element can be written as; (1) where, q is the reaction of granular fill on beam, qt is the vertical force interaction between the membrane and the upper shear layer, w1(x, t) is the vertical surface deflection, Ht is the thickness of upper shear layer, x is the horizontal space coordinate measured along the length of the beam and t is any particular instant of time.
The horizontal force equilibrium equation of the rough elastic membrane element at time t> 0, can be written as;
(2) Fig. 1(a) .
Definition sketch of geosynthetic reinforced granular fill soft soil system Fig. 1(b) .
Definition sketch of proposed model Definition sketch: forces on the lower shear layer element where, qb is the vertical force interaction between the membrane and the lower shear layer, ,ut and ,fib are the interface friction coefficients at the top and bottom faces of membrane respectively, K is the coefficient of lateral stress, 0 is the slope of the membrane, T(x, t) is the tensile force per unit length mobilized in the membrane.
The vertical force equilibrium equation for the rough elastic membrane element at time t> 0, can be written as; (3) From Eqs. (2) and (3), one can write, (4) Substituting for 30/0x in terms of vertical displacement, wl (x, t), into Eq. (4), one can write, (5) where, (6a)
The vertical force equilibrium equation of the lower shear layer element at time, t> 0, can be written as; (7) where, qs is the vertical force interaction between the lower shear layer and the saturated soft foundation soil, Gb and Hb are the shear modulus and thickness of the lower shear layer respectively. The expression for qs at any time, t> 0, can be written as; (8) kf is the spring constant per unit area for springs attached to the bottom of the Pasternak shear layer representing the compressibility of the granular fill and ks is the spring constant per unit area for spring representing the soft soil. Combining Eqs. (1), (5), (7) and (8), one can write,
From Eqs. (2) and (3), (10) Combining Eqs. (1), (7), (8) and (10), the following equation can be obtained as, (11) where, 
where, w(x, t) is the deflection of the beam, EI is the flexural rigidity of the beam, p is the mass per unit length of the beam, c is coefficient of viscous damping per unit length of the beam and P(x, t) is the applied load intensity. In the absence of damping the Eq. (13) will become,
Equations (9), (11) and (14) govern the response of the proposed model in the absence of damping.
SOLUTION OF THE GOVERNING EQUATIONS
The load is assumed to move with a constant velocity (v) and damping is assumed to be zero. Hence, the formulation expresses the steady state response of the foundation system. Although the load and the response are represented as a function of distance (x) from the center of the beam and time (t), substituting vt where is the distance from the point of action of load at time t, the governing differential equations have only one variable c. This is a very standard method adopted by several researchers in the past (Mulcahy, 1973; Rao, 1974; Torby, 1975; Singh, 2002) .
The Eqs. (9), (11) and (14) can be written as;
To observe the settlement response of the proposed model, Eqs. (15), (16) and (17) are written in nondimensional form as given below,
and (20) where, nondimensional distance from the point of action of load at time t, V = 1 L; nondimensional vertical surface deflection, W1= w1 IL ; Nondimensional vertical deflection of the beam, W= w/L ; Nondimensional shear parameter of granular fill above the reinforcement, W' = Gt1-1,1ksL2; Nondimensional shear parameter of granular fill below the reinforcement, Gt = GbHb I ksL2; Nondimensional reaction of granular fill on beam, q* = qlk,L; Nondimensional mobilized tensile force in the reinforcement, T* = T I ksL2; A parameter representing velocity of load if mass per unit length of the beam, modulus of subgrade reaction for soft soil, and half length of the beam is constant, p* = pv2 I ksL2; Nondimensional modulus of rigidity of the beam, I* = EI I ksL4; Nondimensional applied load intensity, P* = P 1 lcsL2c1* ; parameter a* = a/(1+ a), (a=kflks) is the spring constant ratio, P is the applied load and L is half of the length of the beam considered. Writing Eqs. (18), (19) and (20) in finite difference form within specified space domain, for an interior node, i, one gets, (21) (22) and, (23) For -< V < 0, the term dT* I de in Eq. (19) is expressed in finite difference form by using backward difference and for 0 < *< 1, forward difference scheme is used for the same.
The foundation is assumed to react only in compression, hence, the governing differential equations are solved by imposing the conditions that when the beam deflection is negative i.e. it lifts up from the soil; the soil reaction is taken as zero. Further, it is assumed that the ground surface does not lift up with the beam. This in mathematical nondimensional terms is given as: 
RESULTS AND DISCUSSIONS
Based on the above formulation, a computer program was developed using finite difference scheme. Complete region of the problem (-<x<L) was considered. The total length of the beam (2L) was divided into various numbers of elements and it was observed that the difference in results corresponding to 800 and 1000 number of elements was less that 0.5%, hence 800 elements were used for all parametric studies. The solutions were obtained with a convergence criterion of 0.0001. Half the length of the beam is taken to be large enough for the beam to be assumed to act as an infinite beam.
The ranges of nondimensional parameters studied are:
Parameter, p* (= Pv2 I ks1,2): 10-7-1. The above range of parameters has been selected by taking realistic values of the physical parameters for the beam, reinforcing and soil layers, applied load and velocity (Das, 1999; Selvadurai, 1979; Shahu et al., 2000) .
To show the applicability of the present model the results from the degenerated case of the study is com- Figure 4 shows a comparison of the settlement response of the beam resting on soil which responds only in compression (tensionless foundation) to that of soil which responds both in compression and tension for parameters, P* = 5 x 10-6 , p* = 5 x 10-6, I* = 5.5 x 10-7, K= 0.4, lit =,ub = 0.5, G;' = G: = 9 x 10-8 and a= infinity. The positive as well as the negative normalized deflection are more in case of the tensionless foundation. The maximum positive normalized deflection gets increased by 2.5% and the maximum negative normalized deflection increases from 2.8 x 10-6 to 3.3 x 10-5 as the soil is unable to take any tension. So it is clear that a tensionless foundation affects the lift up of the beam (negative deflection) more as compared to its settlement (positive deflection). Similar kind of comparison with respect to normalized bending moment for parameters, P* = 5 x 10-6, p* = 5 x 10-6, r =5.5 x 10', K = 0 .4, itt=pb= 0.5, = G: = 9 x 10-8 and a= infinity is shown in Fig . 5 . The maximum positive normalized bending moment is same for both the cases but the maximum negative normalized bending moment decreases by around 43% in case of soil unable to take any tension. Figure 6 shows the effect of parameter p* (velocity of the load) on the settlement response of the beam for parameters, P* = 5 x 10-6, I* = 5.5 x 10-7, K= 0.4, lit= = 0 .5, G = G: = 9 x 10-8 and a= infinity. It is seen that the maximum deflection occurs at the point just below the load, i.e., at e = 0, which reduces, becomes negative and then zero on either side of the beam. The maximum normalized positive and negative deflection of the beam reduces by 6% and 30% respectively as the parameter p* increases from 10-7 to 1.2 x 10-4 and the section, at which the maximum normalized negative deflection occurs, shifts towards the point of application of load as the parameter p* increases, for the range of parameters considered in the study. It implies that as the velocity increases, the maximum positive as well as negative deflection increases but this increase is more for negative deflection. Figure 7 shows the effect of load intensity on the settlement response of beam for parameters, p* = 5 x 10-6, /* = 5.5 x 10', K= 0.4, itt, =dub = 0.5, = G: =9x 10-8 and a= infinity. The normalized load intensity is increased from 10-7 to 10' and the corresponding maximum normalized positive and negative deflections increase from 1.34 x 10-6 to 0.000134 and from 6.60 x 10-7 to 6.58 x 10-5 respectively. Typical curves are shown (Fig. 8) to show the effect of load intensity on the settlement response of ground surface for the same range of parameters considered as in case for settlement response of beam. Comparing Figs. 7 and 8 , it can be seen that the deflection of the ground surface becomes zero when the deflection of the beam is negative, i.e., when beam gets lifted up, there is a separation between the beam and the ground surface. The effect of the shear Table  1 . It is observed that shear modulus of granular fill does not affect the deflection of the beam much for the range of parameters studied. The difference between the maximum Positive as well as negative deflections corresponding to = G: =10-9 and W = GIT = 10-6 is less than 1%. The other parameters taken are P* = 5 x 10-6, I* = 5.5 x 10', K= 0.4, iit =dub = 0.5, G = G: = 9 x 10-8, p* = 5 x 10-6 and a= infinity.
It is observed that interfacial friction coefficients do not affect the deflection of the beam. The difference between the normalized maximum deflections corresponding to the two extreme values of frictional coefficient is around 1% for the range of parameters considered. The values of maximum normalized deflection corresponding to various values of frictional coefficients are shown in Table 2 for the parameters, =5 x 10-6 , I* = 5 .5 x 10-7 , K = 0.4, W=Gt = 9 x 10-8, p* = 5 x 10-6 and a= infinity. The effect of compressibility of granular fill, represented by parameter a, on the settlement response of the beam is depicted in Fig. 9 for the parameters, P* = 5 x 10-6 , I* = 5.5 x 10-7 , K= 0.4, W = GI,' = 9 x 10-8, p* = 5 x 10-6 and ,ut =dub = 0.5. The parameter a is varied from 5 to infinity and the decrease in maximum positive deflection at the center of the beam is observed as 13%. The decrease in the maximum negative deflection is around 3% for the parameter a varying from 5 to infinity. The effect of parameter a on the positive maximum deflection is more than that on the negative maximum deflection. Higher values of parameter a signify higher stiffness of the granular fill and hence lesser deflection.
The coefficient of lateral earth pressure, K, does not have much influence on the deflection of the infinite beam resting on geosynthetic reinforced granular fill-soft soil system for the range of parameters studied. For parameters, P* = 5 x 10-6, I* = 5.5 x 10' , W' = G: = 9 x 10-8, p* = 5 x 10-6 , kit= ,ub= 0.5 and u= infinity, K is varied from 0.4 and 1.0 and the corresponding difference between the normalized maximum positive as well as negative deflections of the beam is observed to be much less than 1%, the values are shown in Table 3 .
A typical normalized bending moment diagram for the infinite beam is shown in Fig. 10 and negative deflection is observed as 99%. Any increase in load causes more deflection and hence more bending moment.
The effect of load intensity on the variation of mobilized tension in the geosynthetic for p* = 5 x 10-6, 1* = 5.5 x 10-7, K= 0.4, iit=pb= 0.5, G: = 9 x 10-8 and a= infinity, is shown in Fig. 11 . The maximum positive mobilized tension occurs below the load while the maximum negative tension occurs on either side of the load. It is observed that as the parameter P* increases from 10' to 10-5, the maximum positive mobilized tension increases from 5.28 x 10-8 to 5.28 x 10-6. This reveals that as the load is more, the deflection of the beam is more and hence more tension is mobilized in the reinforcing layer. It is observed that the mobilized tension increases by the ratio, by which the load intensity increases.
A typical variation of soil reaction is depicted in Fig. 12 for p* = 5 x 10-6, /* = 5.5 x 10-9, K= 0.4, ,ut=pb = 0.5, = GIT = 9 x 10-s and a = infinity. The maximum soil reaction occurs at the point of loading and decreases on either side of the beam and then becomes zero. As the load intensity is increased from 10-7 to 10-5 the increase in normalized maximum soil reaction on the beam is 1.34 x 10-6 to 0.000135.
CONCLUSIONS
Based on the results and discussions presented in the previous section, the following generalized conclusions can be drawn.
(1) The proposed model is found to be quite useful to analyze the problem of a moving load on an infinite beam. The model takes the response of the soil in compression only (tensionless foundation).
(2) Velocity of load has significant effect on the response of the beam as well as that of the reinforcement.
(3) The coefficient of lateral earth pressure, interface frictional coefficients and shear modulus of the granular fill do not significantly affect the flexural response of the infinite beam for the range of parameters considered in this study.
(4) It is observed that the deflection, mobilized tension and the soil reaction increase with the load intensity and in proportion to the increase in the load.
(5) The parameter p*, which signifies change in the velocity of the moving load, affects the maximum positive deflection more than the maximum negative deflection of the beam. 
